The pim-1 proto-oncogene encodes a serine/threonine protein kinase and is expressed in cells of hematolymphoid origin and In the germ cell lineages. In somatic cells, the plm-1 gene is expressed as a 2.8 kb transcript while a shorter sized transcript (2.3 kb) is expressed in rat testes. We have determined that the shorter testes-specific plm-1 transcript arises through the use of an alternate polyadenylation signal present in the 3' untranslated region of the gene. This alternate polyadenylation event results in the removal of an A/Urlch regulatory element located in the 3' untranslated region of the plm-1 gene. This AAJ-rich motif has been shown by a number of laboratories to destabilize the transcripts of genes that contain this sequence. Consistent with these findings, we have demonstrated that the shortened testes-specific plm-1 transcript is more stable than the longer A/U-rich containing somatic transcript. We suggest that the functional significance of different sized plm-1 transcripts may be directly related to their different stabilities and that the greater stability of the testes-specific transcript may be essential for the translatlonal delay observed In postmeiotlc male germ cells.
INTRODUCTION
Many proto-oncogenes have been recognized as regulatory elements in signal transduction pathways. Although the function of proto-oncogenes is generally assumed to involve the mediation of proliferative signals, some proto-oncogenes have also been shown to be expressed and regulated during cellular differentiation. Recent evidence suggests that the pim-1 protooncogene, which encodes a serine/threonine kinase (1-3), may be involved in the signal transduction of both mitogenic (4) (5) (6) (7) and differentiation (7, 8) pathways. The pim-1 proto-oncogene was first identified by its frequent activation by proviral insertion in murine leukemia virus-induced T cell lymphomas (9, 10) . In a majority of the tumors (>70%), provirus was found to preferentially integrate in the 3' untranslated region of the pim-1 gene (11) . This preferential integration may play a crucial role in cellular transformation as proviral integration in the 3' untranslated region results in the removal of AAJ-rich sequences implicated in the mRNA destabilization of other A/U-rich containing genes (12 -14) . Elimination of this destabilizing motif in the pim-1 gene may directly contribute to the higher steady state levels of pim-1 mRNA observed in MULV-induced lymphomas by increasing the stability of truncated pim-1 transcripts. The over-expression of pim-1 mRNA has also been observed in many myeloid and lymphoid leukemias (15) (16) (17) and may be intimately linked to oncogenic cell transformation. In addition to the potential destabilizing role in MuLV-induced Tcell lymphomas, the A/U-rich motif has also recently been implicated in the modulation of pim-1 mRNA stability in mitogen stimulated lymphocytes (7) .
Expression of the pim-1 gene is restricted to germ cells (8, 18) and to the hemato-lymphoid cell lineages (10, 15, 16) . The pim-1 gene is expressed as a 2.3-2.4 kb transcript in the rat and mouse testes and as a 2.8 kb transcript in somatic tissues. The testesspecific pim-1 transcript has been shown to be selectively expressed in haploid post-meiotic early spermatids (8) . This developmentally regulated stage-specific expression of the pim-1 gene suggests an involvement of the Pim-1 kinase in the signal transduction events associated with normal germ cell maturation.
In addition to the pim-1 gene, a large number of other genes including abl (18) , t-fer (19) , calmodulin (20) , and the cAMPdependent protein kinase (PKA) regulatory and catalytic subunits (21, 22) have also been shown to express testes-specific transcripts that are shorter than the somatic transcripts. This pattern suggests that mechanisms specific to germ cells may alter pre-mRNA processing or the specificity of transcription. Here we report the cloning and characterization of the testes-specific 2.3 kb Tat pim-1 transcript and demonstrate that the shorter size of the testesspecific transcript is due to the use of an alternate polyadenylation site in the gene. The use of an alternate polyadenylation site in the testes-specific pim-1 gene effectively removes the destabilizing A/U-rich sequences normally present in the longer 2.8 kb somatic pim-1 transcript. In addition, in actinomycin D experiments, we observed that the shorter testes-specific pim-1 transcript is substantially more stable than the longer somatic A/U-rich containing rat pim-1 transcript. We suggest that the higher stability of pim-1 transcripts expressed in germ cells is related to the deletion of the destabilizing A/U-rich sequence motif.
Furthermore, we postulate that the increased stability of testesspecific pim-1 transcript may be essential for the characteristic translational delay observed in post-meiotic germ cells (23) (24) (25) .
MATERIALS AND METHODS

Library screening
A lambda gtll adult rat testes cDNA library (a generous gift from Dr. Michael Griswold, Washington State University) and a lambda gtlO adult rat testes cDNA library (obtained through Clonetech, Palo Alto, CA) were screened for pim-1 cDNA clones using a human pim-1 cDNA hybridization probe (26) . Approximately 7.5xlO 5 phage plaques from die lambda gtll library and 1.6X10 6 plaques from the Clonetech library were transferred to nitrocellulose filters, denatured, neutralized, baked, and prehybridized for at least 4 h in 30% formamide, 5 X SSPE, 1 xDenhardts, 0.1 % SDS, and 20 /ig/ml denatured salmon sperm DNA at 42 °C. Filters were subsequently hybridized overnight with a radiolabeled 2669 bp EcoRl fragment of die human pim-1 cDNA (26) . Filters were washed in 2xSSC, 0.5% sarcosyl, and 0.5% sodium pyrophosphate at 50°C and autoradiographed. Approximately forty-two positive clones were identified and the cloned inserts were removed from lambda vector DNA using the polymerase chain reaction as previously described (27) . Briefly, PCR DNA amplification was performed using primers constructed to vector regions flanking the EcoRl cloning site and template DNA was prepared by lysing a single phage plaque in 200 jtl of water. A typical reaction consisted of a 50 /d aliquot of lysed phage template, 50 pmol of each primer, 0.2mM each dNTP, 10 /tl of lOxPromega (Madison, WI) reaction buffer, and 2.5 units of Promega Taq DNA polymerase. The reaction mixture was heated to 95°C for 2.5 min followed by 30 cycles of 94°C for 30 sec, 55°C for 1 min, and 72°C for 5 min. PCR products were purified on a 0.7% low melting agarose gel and blunt-end ligated into the EcoRV site of Bluescript plasmid (Stratagene, La Jolla, CA).
PCR and 3'RACE 3'RACE (rapid amplification of cDNA ends) as previously described (28) , was performed on rat germ cell RNA. An adapterdT primer (5' GACTCGAGTCGACATCGA-TTTTTTTTTT-TTTTTTT 3') was used to synthesize cDNA. The reaction contained 2 /tg of total rat germ cell RNA, 10 pmol of primer, 1 U of AMV (Promega) reverse transcriptase, 0.2 mM dNTP's, 10 fi\ of 10 reaction buffer, and 1 U RNasin (Promega) and was carried out at 42°C for 45 min. PCR was subsequently performed on 10 fi\ of the cDNA reaction in the presence of 0.2 mM dNTP's, 10 /il of lOxbuffer, 2.5 U Promega Taq DNA polymerase, and 30 pmol of each primer. PCR primers consisted of an antisense adapter primer (5' GACTCGAGTCGACATCG 3') identical to die 5' end of the adapter-dT primer and a sense rat pim-1 primer (5' GCGACATCAAGGACGAG 3') corresponding to nucleotides #500-517 (see Fig. 2 ). The reaction was first heated to 94°C for 2.5 min, and then 35 cycles of 94°C for 1 min, 59°C for 1 min, and 72°C for 3 min were performed on a Perkin Elmer Cetus DNA Thermal Cycler. The specific PCR product was identified by Southern blot analysis (29) and subsequendy purified on low melting agarose and bluntend cloned into the EcoRV site of the Bluescript plasmid (Stratagene). PCR amplification of RNA was similarly used to generate a pim-1 clone spanning die coding region (clone e in Fig. 1) as described above but widi the following modifications. cDNA was synthesized using 0.2 /tg of an oligo-dT primer and the PCR reaction was performed using an anti-sense primer specific to the rat pim-1 gene corresponding to nucleotides #1198-1215 (5' TTCCATGACAGGGCTCT 3')-The sense primer was chosen from conserved mouse and human pim-1 sequences that span the ATG initiation codon (5' GGGATGCT-CTTGTCCAA 3').
DNA sequencing
The dideoxy chain termination DNA sequencing method was used employing a commercial kit (Sequenase Version 2.0, United States Biochemical Corporation, Cleveland, Ohio).
Computer analysis
Nucleotide sequence data was analyzed on the program package from the University of Wisconsin Genetics Computer Group (30) using the Washington State VADAMS computer Facility.
Germ cell isolation
Germ cells were isolated from decapsulated testes of adult Sprague-Dawley rats using a collagenase and trypsin treatment as described (31) . Germ cells were cultured in 75 ml flasks at a density of 3XlO 6 
Sertoli cell isolation
Sertoli cells were isolated from adult Sprague-Dawley rats as described previously (43) . Briefly, testes were decapsulated and incubated in a trypsin/DNAse solution. The tubule pellet was subsequendy treated witii collagenase and filtered through a 100 fim nylon mesh. The filtrate was centrifuged and the Sertoli cells cultured in Ham's F12 medium at 34°C in 5% CO2 for 5 days.
Lymphocyte isolation and culture
Lymphocytes were isolated from the spleens of Sprague-Dawley rats as previously described (32) . Briefly, cell suspensions were obtained by tissue mincing and passage through steel mesh screens. Cells were cultured at 4x 10 6 cells/ml in RPMI (Flow Laboratories, Inc., McLean, VA) supplemented with 5% fetal calf serum (Tissue Culture Biologicals, Tulare, CA) and stimulated with 5 /ig/ml Con A (Sigma Chemical Co., St. Louis, MO), a T cell mitogen, for 48 h.
Transcriptional inhibition with Actinomycin D
The half-life of pim-1 transcripts were determined, as previously described (7), by measuring die levels of message remaining in cells after treatment witii 10 /tg/ml of actinomycin D (Sigma, St. Louis, MO) for varying lengths of time. Actinomycin D treatment was found to inhibit de novo transcription (>92%) witiiout adversely affecting short term cell viability. 
Northern blot analysis
Total RNA was isolated by the guanidinium method described elsewhere (33) . Briefly, cells were solubilized in a 4M guanidinium isothiocyanate solution and then gently layered over a 5.7M cesium chloride cushion. Samples were ultracentrifuged at 150,000xg for 18 h in a SW 41 Beckman rotor and the RNA pellet resuspended and quantified. RNA (20 /ig/lane) was electrophoresed in a 1.25% agarose/formaldehyde gel, transferred to a nylon membrane (Nytran) and immobilized by UV crosslinking. Blots were prehybridized in 50% formamide, 5xSSC, 50 mM KPO 4 (pH 8.0), 5xDenhardt's, 0.1% SDS, and 100 /tg/ml salmon sperm DNA for a minimum of 4 h at 42°C and hybridized in 50% formamide, 5xSSC, 20 mM KPO 4 (pH 6.5), 1 xDenhardt's, 0.1 % SDS, and 100 /ig/ml salmon sperm DNA using [ n P] dATP labeled probes. Following overnight hybridization at 42 C C, filters were washed up to 59°C in 0.1 % SDS and O.lxSSC and autoradiographed at -80°C on preflashed film. The following probes were used; the pSVc-myc-l plasmid containing the second and third exons of the cellular mouse myc gene (34), the 1250 bp Pst\ fragment from the chicken jS-tubulin cDNA (35) , the entire human actin cDNA (36), the 2900 bp DraMEcoRX fragment of the human pim-1 cDNA (26) , and the entire mouse regulatory subunit (R la) of the cAMPdependent protein kinase cDNA (37) .
RESULTS
Cloning of the rat testes-specific pim-1 cDNA
Northern blot analysis has revealed the existence of two forms of pim-1 mRNA transcripts in both mice and rats (7, 8) . In somatic cells, the pim-1 gene encodes a 2.8 kb transcript while a 2.3 kb mRNA is expressed in rat testes. The existence of two pim-1 transcripts of differing sizes could be the result of crosshybridization of two distinct but closely related genes, or the alternative splicing of a single transcript, or the use of an alternate promoter, or possibly the use of an alternate polyadenylation signal. To characterize the testes-specific pim-1 transcript, pim-1 cDNA molecules were cloned from two independent adult rat testes cDNA libraries using the human pim-1 cDNA as a probe (26) . More than 40 positive clones were identified and, of these, the longest clones were sequenced and are shown in Fig. 1 . Based on sequence analysis, two distinct classes of pim-1 clones were identified. The first class of clones ( Fig. 1; a, b , and c) were found to be highly homologous to the human pim-1 cDNA, 90% in the coding region and -61% in the 3 untranslated region. These clones are all polyadenylated at nucleotide position # 1302 and contain a potential ATTAAA poly-(A) addition signal 12 bp upstream of the site of polyadenylation. This site, however, occurs hundreds of nucleotides upstream of the position predicted by sequence comparison of the human 2.8 kb pim-1 cDNA. The second class of rat pim-1 clones identified from the rat testes cDNA libraries (see Fig. 1 ; f, g, and h) are identical and colinear in sequence to the first class of clones up to the poly-A site at nucleotide # 1302. However, this second class of rat pim-1 clones do not terminate in a poly-A tail at nucleotide position # 1302, but rather, contain several hundred additional base pairs of 3' untranslated sequence that is highly homologous to the 3' untranslated region of the human 2.8 kb pim-1 cDNA. In addition, clone (f) contains several tandem copies of the conserved transcript destabilizing A/U-rich motif present in the 3' untranslated regions of the mouse and human pim-1 genes and ends at the same relative nucleotide position as identified for human pim-1 cDNA clones (11, 16) .
The sequence analysis of clones a-h and the colinearity of the two classes of rat pim-1 clones up to the upstream polyadenylation site strongly suggest that the short 2.3 kb testesspecific pim-1 transcript arises from alternate polyadenylation of a precursor mRNA common to both the 2.8 kb and 2.3 kb transcripts. To further demonstrate the use of an alternate testesspecific polyadenylation signal in the shorter 2.3 kb pim-1 transcript, the 3'RACE (rapid amplification of 3' ends) technique was used to extend rat pim-1 cDNA in the 3' direction (through the poly-(A) tail). cDNA was generated from total rat germ cell RNA using an oligo-dT-adapter primer (see materials and methods) and PCR amplification was performed on germ cell cDNA using a 3' adapter primer and a homologous 5' rat pim-1 primer derived from sequence information from clone (a) (Fig. 1 ). An 807 bp fragment was generated, subcloned into Bluescript and sequenced. As shown in Fig. Id , the polyadenylated, PCR-generated 3'RACE product also terminates exactly at nucleotide position # 1302. In addition, this 3'RACE product is identical in sequence to the overlapping regions of clones a-c. This independent method supports the original hypothesis that the 2.3 kb testes-specific pim-1 transcript utilizes an alternate upstream polyadenylation signal.
To further verify that the protein coding region of the rat 2.3 kb pim-1 transcript is intact relative to the human and mouse pim-1 transcripts, we used PCR to generate a cDNA clone spanning the entire protein coding region (Fig. le) . The 5' primer was chosen from conserved mouse and human sequences spanning the initiation codon and the 3' primer was an antisense sequence representing nucleotides #1198-1215. PCR was performed on oligo-dT primed rat germ cell RNA and a 1218 bp product was generated. Three independent clones were sequenced and the overlapping regions were found to be identical to clones a-d. The sequence of the 2.3 kb rat testes-specific pim-l transcript is presented in Fig. 2 and was obtained by overlapping clones a-e. Any sequence discrepancies between the PCR-generated clones were eliminated by sequencing three independent colonies from each cloned PCR fragment. As shown in Fig. 2 , the 2.3 kb rat pim-l cDNA contains a large open reading frame of 945 nucleotides and a 3' untranslated region of 357 nucleotides. Homology between the rat and the human and mouse coding regions, which contain exactly the same length of nucleotides is 90% and 94% respectively at the nucleotide level.
The predicted rat Pim-l protein, as shown in Fig. 3 , shares a high degree of homology to the mouse (94%) and human (96%) proteins. Human (2,3) and mouse (1) Pim-l proteins have been demonstrated to be protein serine/threonine kinases. Regions that are highly conserved between various kinases (38, 39) and human (12, 16, 26) and mouse (11) Pim-l kinases are also conserved in the rat homolog (Fig. 3) . Specifically, the LGXGXXG amino acid motif at positions 44 to 67 thought to be involved in ATP binding is conserved between the rat, mouse, and human species. As also shown in Fig. 3 homologies, we predict that the rat Pim-l protein is also likely to be a protein serine/threonine kinase.
Cell specific differences in pim-l transcript sizes Sequence analysis of pim-l cDNA clones indicate that the use of alternative polyadenylation sites gives rise to the smaller sized pim-l transcripts expressed in rat germ cells and that the second class of cDNA clones (f-h) represent sequences unique to the longer somatic 2.8 kb pim-l transcripts. Evidence that further substantiates these observations was obtained from Northern blot analysis of rat germ cell and lymphocyte RNA. As shown in Fig. 4a and consistent with our previous findings, both the testesspecific 2.3 kb pim-l transcript and the somatic 2.8 kb pim-l transcript expressed in lymphocytes hybridize to a full length pim-l cDNA probe containing both protein coding and 3' untranslated sequences. This blot was stripped and re-probed with the 560 bp rat pim-l cDNA identified as clone (f) in Fig. 1 . This clone contains only the 3' untranslated sequences unique to the 2.8 kb pim-1 transcript including the A/U-rich motif implicated in mRNA destabilization. Fig. 4b shows that only the longer somatic 2.8 kb pim-1 transcript hybridizes to this probe. These results clearly demonstrate that the 2.3 kb testes-specific pim-1 transcript contains a deletion in the 3' untranslated region and is missing the destabilizing A/U-rich motif.
pim-1 mRNA stability
To investigate the contribution of the A/U-rich sequence motif on pim-1 mRNA stability, we compared the stability of the rat 2.3 kb testes-specific pim-1 transcript to the 2.8 kb pim-1 transcript expressed in rat lymphocytes. As demonstrated by Northern blot analysis in Fig. 5 , we found that the 2.3 kb pim-1 transcript was very stable with no appreciable decrease in RNA levels apparent up to 210 min after the addition of actinomycin D. Transcriptional inhibition following actinomycin D treatment was verified by measuring [ 3 H] uridine incorporation into RNA. In contrast, the A/U-rich sequence containing 2.8 kb pim-1 transcript expressed in mitogen stimulated rat splenic lymphocytes consistently showed a much shorter half-life (T t /2 -135 min; n=3) while actin levels appeared almost constant. In these cells, transcriptional inhibition was verified by confirming the reported half-life of c-myc as -30 min.
In Fig. 5 , we also examined the half-life of the type la regulatory subunit (Rla) of cyclic AMP-dependent protein kinase (PKA). Similar to the pim-1 gene, the PKA-Rla gene has recently been shown to express a truncated testes-specific transcript that arises through an alternate polyadenylation event (21) . In addition, potential transcript destabilizing A/U-rich sequences are also removed from the shorter PKA-Rla transcript by an alternate polyadenylation process. As shown in Fig. 5 , the half-life of the 1.7 kb PKA-Rla transcript expressed in germ cells is nearly identical to the stable pim-1 transcripts observed in these cells. To determine if the longer PKA-Rla transcripts (3.2kb and 2.9kb) expressed in somatic cells have a shorter halflife, we analyzed mRNA stability in cultured rat Sertoli cells (Fig. 6> . In contrast to the pim-1 gene, the somatic PKA-Rla transcripts in Sertoli cells are very stable with essentially no decrease in message levels up to 3 h after the addition of actinomycin D. In these same cells, however, the stability of the pim-1 transcript was substantially shorter and similar to that observed in rat spleen cells (T1/2 ~ 120 min). These results indicate that although the PKA-Rla gene contains numerous A/U-rich regions scattered throughout the 3' untranslated region (21) , that these sequences are distinct from the A/U-rich motif present in the pim-1 gene and are not sufficient to mediate mRNA instability.
DISCUSSION
We have provided strong evidence that the rat 2.3 kb and 2.8 kb pim-1 transcripts differ in their length of 3' untranslated sequences and that the smaller testes-specific transcript arises from the use of an alternate upstream polyadenylation site. In this report we have described the isolation of two classes of rat pim-1 cDNA clones that are identical in their overlapping sequences but differ in their length of 3' untranslated sequence. The two classes of clones are colinear up to an upstream polyadenylation site located at nucleotide position # 1302. The shorter testes-specific class of clones are polyadenylated at nucleotide position # 1302 while the longer class of cDNA clones expressed in somatic tissue extend through this upstream poly-A site and contain several hundred bases of additional 3' untranslated sequence. Specifically, the longer 2.8 kb transcript contains the AAJ-rich motif implicated in mRNA destabilization while the shorter 2.3 kb message does not.
The most reasonable and likely interpretation of our results is that the shorter testes-specific transcript arises through an alternate polyadenylation event rather than alternate splicing. However, direct proof of alternate polyadenylation must await sequence comparison to a rat genomic/wM-7 clone. Nevertheless, this conclusion is consistent with the results from three different experimental approaches. Taken together, the sequence analysis and colinearity of clones obtained from testes cDNA libraries and from the PCR generated 3' extension of pim-1 cDNA (3' RACE) (Fig. 1) as well as data obtained from Northern blot analysis (Fig. 4) all strongly support an alternate polyadenylation of the shorter testes-specific pim-1 transcript.
The site of poly-(A) addition in the 2.3 kb pim-1 transcript is somewhat unusual in that it is not preceded by the highly conserved hexanucleotide AAUAAA. As shown in Fig. 2 , however, the sequence AUUAAA is present 12 nucleotides upstream of the poly-(A) addition site. This sequence has been previously recognized as an active variant of the conserved hexanucleotide (40) .
The use of atypical polyadenylation sites has recently been reported for a number of other genes that express shorter testesspecific transcripts. Similar to the 2.3 kb pim-1 transcript, the alternate polyadenylation of the rat testes-specific 1.6 kb PKARl 1/3 transcript (cAMP-dependent protein kinase regulatory subunit) also uses the AUUAAA variant (22) . However, the smaller germ-cell specific transcripts of the human PKA-Rl 1/3 (22) , mouse c-abl (18) and rat calmodulin genes (20) use different variants of the polyadenylation signal, UAUAA, UACAAA, and GAUAAA respectively. An emerging pattern of expression of smaller sized transcripts in male germ cells generated through atypical upstream polyadenylation sites suggests the use of alternate mechanisms of polyadenylation specific to germ cells. The exact nature of these mechanisms is unknown but may involve the use of germ cell specific snRNPs (small nuclear ribonucleoprotein) that recognize variants of the polyadenylation signal located upstream of the normal somatic polyadenylation site. The use of snRNPs in the cleavage and subsequent poly-(A) addition of RNA has been previously suggested (40, 41) and may occur through the base pairing of the RNA portion of the snRNP and sequences surrounding the polyadenylation signal.
The alternate polyadenylation of the testes-specific pim-1 (see Fig. 2 ), PKA-Rla (21), c-abl (18), PKA-Rl la and-Rl 1/3 (22) , and calmodulin (20) genes, does not affect the protein coding regions but does result in the deletion of 3' untranslated sequences. The functional significance of the removal of 3' untranslated sequences by the testes-specific mechanisms of alternate polyadenylation may be in the removal of sequences involved in message destabilization. We have shown that the alternate polyadenylation of the shorter testes-specific pim-1 transcript results in the removal of AAJ-rich sequences located in the 3' untranslated region of the somatic 2.8 kbpim-1 transcript (see Fig. 1 and Fig. 4a & b) . These sequences have been previously shown to be involved in the destabilization of several other transiently expressed genes (13,14,42 ). Our results with actinomycin D chase experiments indicate that the shorter pim-1 transcript expressed in germ cells was substantially more stable (T 1/2 > >3.5 h) than the longer A/U-rich containing transcript expressed in rat lymphocytes (T,^ -140 min) (Fig. 5) and implicate the involvement of the A/U-rich motif in these differential stabilities. Conclusive evidence demonstrating the postulated role of the A/U-rich motif in the regulation of RNA stability in germ cells must, however, await further studies involving the transfection of the short 2.3 kb pim-1 transcript into somatic cells.
Similar to the pirn-1 gene, an alternate polyadenylation event results in a smaller sized PKA-Rl a testes-specific transcript. In addition, potential A/U-rich sequences have been identified in the 3' untranslated region of the PKA-Rl a gene. The longer transcript contains numerous A/U-rich sequence monomers scattered throughout the 3' untranslated region while the shorter transcript contains only two A/U-rich monomers. Based on this consideration, it has been suggested that the shorter testes-specific PKA-Rl a transcript may be more stable than the longer message (21) . We have addressed this question by comparing mRNA stability of the shorter pim-1 and the PKA-Rl a transcripts expressed in germ cells to the longer messages expressed in Sertoli cells. We observed that the both the smaller pim-1 and PKA-Rla transcripts expressed in germ cells were extremely stable (T|/2 > > 3.5 h) (Fig. 5) . Somewhat unexpectedly, the longer PKA-Rla transcripts expressed in Sertoli cells were also very stable (T7/2 > > 3h) while the half-life of the 2.8 kb pim-1 transcript was markedly shorter (J m ~ 120 min) (Fig. 6) . These results suggest possible functional differences between the A/U-rich sequences in the pim-1 gene and the PKA-Rla gene. An obvious structural difference between the AAJ-rich sequences of these genes is that the pim-1 gene contains four tandemly linked repeats of the AUUUA motif while the PKA-Rla gene contains only monomers of the AUUUA motif (or variations thereof). Recent evidence suggests that certain protein factors which bind A/U sequences require several tandemly linked repeats of the AUUUA motif to effectively bind (44, 45) . Therefore, the putative protein factors in Sertoli cells which mediate mRNA destabilization/stabilization in the pim-1 transcript may simply be unable to bind to the A/U-rich sequences in the PKA-Rla transcripts.
Similar studies involving the analysis of c-abl mRNA half-life demonstrate that the shorter c-abl transcript expressed in mouse spermatids is substantially more stable than the somatic transcript (18) . Although the AAJ-rich motif is not present m the 3' untranslated region of the somatic c-abl, PKA-Rl la, PKA-Rl 1/3, and calmodulin transcripts, this does not preclude the presence of other, as of yet unrecognized, sequences that may be similarly involved in message destabilization. We suggest that shorter sized-mRNAs which lack destabilizing sequences may be preferentially expressed in germ cells because of their higher stability. Evidence suggests that mouse protamine transcripts are stored for days after the cessation of transcription in the late stages of spermatid differentiation and are later translated during the final stages of spermiogenesis (23) . The characteristic cessation of transcription in spermatids beyond the stage of nuclear condensation (step 12 of spermiogenesis) (25) suggests that the stabilization of transcripts by the removal of destabilizing sequences would ensure adequate transcripts for translation in the subsequent stages of spermatogenic differentiation.
In conclusion, we have demonstrated that the rat 2.3 kb pim-1 transcript arises from an alternate polyadenylation event which results in the removal of 3' untranslated sequences including an A/U-rich motif implicated in mRNA destabilization. We have observed that the shorter 2.3 kb testes-specific transcript is more stable than the longer A/U-rich containing 2.8 kb somatic transcript and suggest that the functional significance of different sizes of pim-1 transcripts is related, in part, to their different stabilities. We further postulate that the increased stability of the testes-specific pim-1 transcript may be essential for the characteristic translational delay observed in post-meiotic germ cells.
